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FAIRED TRUSS SPAR 

RELATED APPLICATIONS 

This application claims priority to provisional application Nos. 60/031,270 and 
60/031,268, each filed November 15, 1996, the disclosures of which are hereby incorporated by 
reference. 

BACKGROUND OF THE INVENTION 

The present invention relates to a heave resistant, deepwater platform supporting 
structure known as a "spar." More particularly, the present invention relates to reducing the 
susceptablity of spars to vortex induced vibrations (" VIV"). 

Efforts to economically develop offshore oil and gas fields in ever deeper water 
create many unique engineering challenges. One of these challenges is providing a suitable 
surface accessible structure. Spars provide a promising answer for meeting these challenges. 
Spar designs provide a heave resistant, floating structure characterized by an elongated, 
vertically disposed hull. Most often this hull is cylindrical, buoyant at the top and with ballast at 
the base. The hull is anchored to the ocean floor through risers, tethers, and/or mooring lines. 

Though resistant to heave, spars are not inmiune from the rigors of the offshore 
environment. The typical single column profile of the hull is particularly susceptible to VIV 
problems in the presence of a passing current. These currents cause vortexes to shed from the 
sides of the hull, inducing vibrations that can hinder normal drilling and/or production operations 
and lead to the failure of the anchoring members or other critical structural elements. 

Helical strakes and shrouds have been used or proposed for such applications to 
reduce vortex induced vibrations. Strakes and shrouds can be made to be effective regardless of 
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the orientation of the current to the marine element. But shrouds and strakes materially increase 
the drag on such large marine elements. 

Thus, there is a clear need for a low drag, VI V reducing system suitable for 
deployment in protecting the hull of a truss spar type offshore structure. 

5 

SUMMARY OF THE INVENTION 

Toward providing these and other advantages, the present invention is a spar 
structure for offshore hydrocarbon recovery operations having a vertically oriented elongated 
floating hull with a buoyant upper- section, a ballasted lower section, and a truss member 
10 seperating the floating hull fom the lower ballasted section. A anchoring system connects the 
hull to the ocean floor and a vertically oriented fairing shaped profile section is presented on the 
_ hull. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

y 1 5 The brief description above, as well as further advantages of the present invention 

^ will be more fully appreciated by reference to the following detailed description of the illustrated 
5 embodiments which should be read in conjunction with the accompanying drawings in which: 

J— ^ 

1,^ FIG. 1 is a side elevational view of a faired truss spar in accordance with an 

embodiment of the present invention having a fixed fairing; 
y320 FIG. 2 is a cross sectional view of a faired truss spar in accordance with the 

embodhnentof FIG. 1, taken at line 1-1 in FIG. 1; 

FIG. 3 is a side elevational view of a faired spar in accordance with another 
embodiment of the present invention; and 

FIG. 4 is a cross sectional view of the faired spar of FIG. 3, taken at line 4-4 of 

25 FIG. 3. 

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 
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FIG. 1 illustrates the environment of the present invention. Here spar 10 presents 
a deck 12 above ocean surface 14. Spars are a broad class of floating, moored offshore structure 
characterized in that they are resistant to heave motions and present an elongated, vertically 
oriented hull 22 which is buoyant at the top 21 and is ballasted at its base 23. A truss elehnent 
24 seperates ballast 23 from hull 21. Such spars may be deployed in a variety of sizes and 
configuration suited to their intended purpose ranging from drilling alone, drilling and 
production, or production alone. 

A plurality of risers 16 extend from the deck to the ocean floor at wells (not 
shown) to conduct well fluids. Deck 12 is supported at the top of spar hull 22. The hull is 
elongated and vertically oriented with a buoyant top section and a ballasted lower section. A 
plurality of mooring lines may be connected to a spread of anchors (see lines 25 in FIG. 2) set in 
the ocean floor to help hold spar 10 in place over the wells. In other embodiments, the risers 
may act alone as tethers to form the anchoring system securing hull 22 in place while providing 
conduits for conducting produced oil and gas. The upper end of risers 16 are connected to 
production facilities supported by deck 12 and, after initial treatment, the hydrocarbons are 
directed through an export riser to a subsea pipeline, not shown. 

In this embodiment, risers are arranged within a moonpool along the interior 
periphery of hull 22. Further, a slot 32 in the hull provides an opportunity to pass risers 16 from 
an auxiliary drill and completion vessel (not shown) to the moonpool within the structure. 

FIGS. 1 illustrates an embodiment of a production spar, but appropriately adapted 
spar configurations are suitable for drilling operations or for combined drilling and production 
operations as well in the development of offshore hydrocarbon reserves. A basic characteristic of 
spar type structure is their heave resistance. However, the typical elongated, usually cylindrical 
hull or caisson 22 is very susceptible to vortex induced vibration ("VIV") in the presence of a 
passing current. These currents cause vortexes to shed from the sides of the hull 22, inducing 
vibrations that can hinder normal drilling and/or production operations and lead to the failure of 
the risers, mooring line connections or other critical structural elements. Premature fatigue 
failure is a particular concern. 
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Prior efforts at suppressing VIV in spar hulls have centered on strakes and 
shrouds. However both of these efforts have tended to produce structures with having high drag 
coefficients, rendering the hull more susceptible to drift. This commits substantial increases in 
the robustness required in the anchoring system. Further, this is a substantial expense for 
5 structures that may have multiple elements extending from near the surface to the ocean floor and 
which are typically considered for water depths in excess of half a mile or so. 

Fairings can provide low drag VIV suppression for cylindrical members. 
However, these have been best suited for relatively small diameter elements such as offshore 
risers. For a nvunber of reasons, fairings have not been thought applicable to large marine 
10 elements. One reason is the correlation of the need for effective VIV suppression to Reynolds 
number. The Reynolds number for a stationary cylinder within a fluid moving perpendicular to 
the axis of the cylinder is approximated with the following expression: 

Re = VD/v 

where: 

15 Re is the Reynolds number; 

V is the current velocity; 

D is the outside diameter; and 

V is the kinematic viscosity 

Thus, in a given medium, here seawater, the Reynolds number is proportional to 
20 the velocity time the diameter and the hull of a spar is several orders of magnitude greater in 
diameter than typical risers where fairings have been thought appropriate. Typical of prior 
applications are offshore production risers designed on the basis of Reynolds numbers on the 
order of 50K to lOOK and drilling risers at one to two million are pushing it. By contrast, spar 
structures would anticipate Reynolds numbers on the order of five to fifty million, and perhaps 
2 5 more, depending upon the size and configuration. 

Further, it has been common wisdom that the well correlated vortex shedding 
along a cylinder exhibited at high Reynolds numbers would require that effective VIV 
suppression also address reducing spanwise correlation. However, conventional fairings are not 
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the choice in applications defined with in this manner when compared with helical strakes or 
shrouds which disturb such correlation spanwise as a natural side effect of breaking up the 
correlation of transversely passing seawater. In addition, it has been the conventional wisdom 
that changes in attack angle of environmental current to a fixed fairing would both limit the 
5 effectiveness in vortex shedding and subject the tail of the fairing to significant rotational loads 
and increased drag. Thus, fairings in general and fixed fairings in particular have been thought 
inapplicable to solve VIV problems for spar hulls. 

However, a spar in accordance with the present invention provides a vertically 
oriented, fixed fairing shaped- profile section 30 presented on the hull. In the embodiment of 
10 FIGS. 1 and 2, this is provided by the shape of the outer wall of hull 22 itself. The fairing 
shaped profile section need not necessarily extend all the way the surface, nor necessarily to the 
2 bottom of the hull. Further the fairing shaped profile may have multiple orientations 

ii ii I 

FIG. 2 illustrates the important chord "c" and thickness "t" dimensions of the 
Q fairing shaped profile. In this embodiment, fairing shaped profile 30 formed by hull 22 is 

2 15 provided with a tail section 38 which is essentially a plate extending the trailing edge of the 
ry fairing shaped profile section beyond the terminus 40 of the angled converging sides 42. Adding 

1^ tail 38 extends the cord length c with a minimum of materials. 

[7 Further, any detriments in an asymmetrical arranged mass, effective mass, or 

=P even buoyancy is be minimized with a either a short fairing or an ultrashort fairing in 

\j 20 combination with base ballast. "Short fairings, " as used herein, are defined as having a chord to 
thickness ratio between about 1.50 and 1.20 and "ultra-short fairings" are those between about 
1.20 and 1.10. The surprising effectiveness of such short and ultrashort fairings has recently 
been demonstrated in stark contrast to the conventional wisdom requiring a much greater ratio. 
Short fairings are disclosed in U.S. patent 5,410,979, the disclosure thereof being hereby 
2 5 incorporated by reference. Ultrashort fairings are disclosed in the contemporaneously filed U.S. 
provisional patent application 60/031,271 by D. W. Allen and D. L. Henning for Ultrashort 
Fairings for Suppressing Vortex-Induced- Vibration. The disclosure of this later document is also 
hereby incorporated by reference. 


R:\LEGAL\MAS\TH0776.SPE 5 


The fixed fairing shaped profile of FIGS. 1 and 2 is is oriented on deployment to 
align with the prevailing current gradient alpha and can be effective for short fairings at angles of 
attack up to about 52.5 degrees on either side of the nominal current orientation. Further, 
ultrashort fairings can expand this range significantly without losing effective VIV suppression 
and while retaining net drag reduction at high Reynolds numbers. Brief periods somewhat 
outside of these ranges may be tolerable if VIV problems response to the current is primarily an 
issue of fatigue failure which itself is a function of time, the majority of which will find spar 10 
in an effective orientation. Alternatively, the orientation can be altered to rotate spar 10 to a new 
orientation by using playing out and taking in asymmetrical mooring lines 24. 

Note, also that the fixed fairing configuration of FIG. 1 can also be deployed in a 
spar hull having a plurality of fairing shaped profile sections which are arranged across a 
distribution of orientations, each on a different level. Such multiple fixed fairing arrangements 
are disclosed in further detail in the contemporaneously filed U.S. provisional patent 60/031,271 
by D. W. Allen and D. L. Henning for Staggered fairing system for Suppressing Vortex- 
Induced- Vibration, the disclosure of which is hereby incorporated by reference. 

The drilling and production spar of FIGS. 3 and 4 illustrates a truss spar having a freely 
rotatable fairing 30. Here a central moon pool 26 is provided within hull 22. In this 
embodiment, all the risers are run through the moon pool with the production risers mounted 
peripherally as they are completed, as are any export risers tying production to a pipeline 
system, not shown. Drilling and/or work overs proceed through a central drilling riser. 

This spar configuration provides a relatively smooth exterior for hull 22 without 
import or export risers that need to be protected from contact with fairing 30. This permits 
buoyancy cans 60 to be mounted within the interior of the fairing. Preferably the buoyancy cans 
are provided with a low friction bearing surface or bushing 62 inboard, toward the spar hull. If 
a net buoyant force is provided to submerged fairing 30, a downwardly facing thrust or load 
collar may be mounted on the hull to act as a stop for the fairing and as a bushing surface for its 
rotation. Here lateral mooring lines 25 are illustrated connected to spar hull 22 below fairing 30. 

An optional alternative set of mooring lines 25 A are illustrated in dotted outline in 
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FIG. 4. These attach directly to fairing 30 in an asymmetrical manner. These fairings provide a 
spring response to reorientation of the fairing. Where substantial rotation is desired, the mooring 
lines may be played out and taken in to accommodate this rotation. This provides a hybrid 
response, a "soft fixed" fairing that may be allowed to rotate without transmitting the rotation to 
the spar hull and thereby causing the risers to twist relative to their securement at well heads 20 
at ocean floor 18. 

The fairings of the present invention can be used with other VIV suppression and 
drag reduction facilities on the risers, mooring lines, or on the spar hull. For instance, fixed 
fairings may be provided on portions of the hull with intermediary fairings which are allowed to 
rotate freely. 

Other modifications, changes and substitutions are intended in the foregoing 
disclosure and in some instances some features of the invention will be employed without a 
corresponding use of other features. Accordingly, it is appropriate that the appended claims be 
construed broadly and in the manner consistent with the spirit and scope of the invention herein. 
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